Abstract. To analyze the evolutionary level of Prunus mira Koehne (Prunus mira Koehne Kov et. Kpst), 15 kinds of pollen grains from five altitudes were observed using a scanning electron microscope (SEM). This study demonstrates that pollen morphous P. mira has high variation; specifically, individuals from higher altitudes are much more evolved than those from lower altitudes. This is the first time the pollen morphology of P. mira has been systematically illustrated. Furthermore, 12 random amplified polymorphic DNA (RAPD) primers generated clear and repeatable bands among all individuals based on RAPD; 107 bands ranging from 200 bp to 2000 bp were generated with an average of 8.92 bands per primer. Thus, the RAPD technique proved to be a powerful tool to reveal variation on P. mira. This study provides comprehensive information for genetic diversity of P. mira from different altitudes.
The highest plateau in the world is the Tibetan Plateau, which reaches mean altitudes of 4000 to 5000 m. High radiation, strong winds, cold temperatures, and drought characterize the harsh environment of the Tibetan Plateau. As a result of these rigorous conditions and inaccessibility of the Tibetan Plateau, few studies regarding the genetic diversity in plant populations have been conducted (Guo et al., 2006) . Prunus mira Koehne (Prunus mira Koehne Kov et. Kpst) has been recognized as an important wild peach species in China, which is indigenous to the Tibetan Plateau (Dong, 1991) . This species is mainly distributed within the altitude range of 2500 to 3600 m, where the mean annual temperature is approximate 6 to 13°C and the soil texture is typically sandy, semisandy, or loam soil (Guo et al., 2006) . Therefore, to adapt and thrive in this harsh environment, it has developed characteristics such as a tolerance to drought conditions and cold temperatures, resistance to disease, and infertility (Wang et al., 1997) . Accordingly, P. mira has attracted considerable attention and should be used as a gene source to develop new resistant peach species. Additionally, because of fast-growing, exuberant leafy branches and the presence of luxuriant blossoms, P. mira has been used as an ornamental plant (Tan et al., 2001 ). To date, many of studies of this remarkable plant have focused on morphological variability, multiplication, and the physiology of P. mira. However, there are few detailed studies on the genetic diversity of P. mira based on pollen morphology or the molecular markers.
Generally, the pollen features of a plant can be used as markers of inheritance in taxonomic researches. In other words, we can identify plants from their pollen morphology (Adekanmbi and Ogundipe, 2006; Noor et al., 2004; Perveen and Qaiser, 2010) . Therefore, understanding characteristics of pollen morphology is significant to reveal disputable taxonomic and phylogenetic arguments, which can be considered related to evolutionary characteristics (Oswald et al., 2011) . Some studies demonstrated that mountain plants have been found to show remarkable genetic differentiation among populations because a relatively minimal altitudinal change can result in a large alteration in environmental conditions such as temperature and humidity (Hirao and Kudo, 2004; Isik and Kara, 1997) .
Additionally, a lot of methods have been used to assess the genetic relationships in plant species. Among these methods, RAPD is a fast and inexpensive technique (Debener et al., 1996) . In the past decade, RAPD has been used for constructing linkage mapping, analyzing genetic diversity, and determining phyletic evolution in many plant species such To whom reprint requests should be addressed; e-mail mfj19751@163.com.
as tomato (Lin et al., 2006) , rose (Debener et al., 1996) , potato (Alfonso and Bamberg, 2000) , and bean (Marotti et al., 2007) . However, RAPD had yet to be used for the identification of genetic diversity on P. mira until now.
The following is a documentation of taxonomic evidence and offers a preliminary result for genetic diversity of P. mira from five different altitudes. The samples were analyzed using SEM and RAPD. The following questions will be answered as a result of the analysis: 1) What are the pollen characteristics of P. mira? 2) Is there a relationship between pollen morphology variation and altitude? 3) Is there a relationship between genome variation and altitude?
Material and Methods
Plant materials. In this study, all pollen samples were obtained from the Tibetan Plateau and their information is listed in Table 1 . We selected five different altitudes that range from 2900 m to 3200 m. Three random individuals of P. mira were selected at each altitude. To avoid mixture of pollen grains, all samples collected were buds that nearly bloomed and each was placed into specimen bags separately.
Observation of pollens. Before the observation of the pollen, the buds were stripped and the pollen grains were scraped onto adhesive tape by a nail under an anatomy microscope. Then the pollen samples were coated with gold and transferred to the SEM (HITACHI-520; Electron Microscope Center, Biotechnology Center, Northeast Agriculture University, P.R. China) for SEM studies. The terminologies on pollen morphology were according to the viewpoints of Ishik and Kara (Isik and Kara, 1997) . The following parameters were measured: length of the equatorial axis, length of the polar axis, and the ratio of the polar axis and the equatorial axis according to the 30 individual pollen grains. A dendrogram according to the parameters from pollen morphous was constructed using SPSS 16.0 software (SPSS Inc., Chicago, IL).
DNA extraction. Genomic DNA from individual samples was extracted from 0.2 g of fresh young leaves from each and stored at -20°C for RAPD amplification. Fifty RAPD random primers were used for polymerase chain reaction (PCR) amplification, of which 12 primers generated clear, reproducible banding patterns and were selected for further analysis. The codes and sequences of 12 primers are listed in Table 2 . Because no. 15 had no pollen, the total DNA was not extracted. All primers were synthesized in Shanghai Sangon Biological Engineering Technology and Service Co. Ltd., Shanghai, China.
RAPD amplification. PCR reaction was performed in a volume of 20 mL containing 0.5 mM of dNTPs (Promega, Beijing, China), 0.2 mM primer, 30 ng template DNA, 1 U Taq polymerase (TaKaRa, Dalian, China), 2 mL of 10 · PCR buffer (TaKaRa), and 1.8 mM Mg 2+ (TaKaRa). PCR amplifications were carried out in a DNA thermocycler (GeneAmp PCR System 9700). Preliminary denaturation was performed at 94°C for 4 min followed by 45 cycles of 94°C for 1 min, 36°C for 1 min, and 7°C for 2 min. After 45 cycles, there was a final extension for 10 min at 72°C. The amplification products were separated on 1.5% (w/v) agarose gel. Each experiment was performed three times. Data analysis. RAPD bands were scored as present (1) or absent (0), and the binary character matrices were compiled with the results. The genetic diversity coefficient was calculated using the NTSYS program (Rohlf, 1992) . The data were analyzed by the total number of bands (TNB), the number of polymorphic bands (NPB), and percentage of polymorphic bands (PPB). The dendrogram was then constructed using unweighted pair group method with arithmetic mean (Rohlf, 1992) .
Based on the bands analyses, pairwise genetic distance (GD) between accessions i and j were estimated using the similarity coefficient as follows:
where Ni and Nj are the numbers of amplified alleles in the accessions i and j, respectively. 
Results
Observation of pollen. The pollen measurement data are listed in Table 1 . Figures 1 through 5 illustrate pollen characteristics from different altitudes. Although there is some variation, the pollen morphous of P. mira from different altitudes showed similar features. The pollen grains are perprolate, prolate, tricolporate, colpi monoprate, exine tectate, or equatorial outline trilobate. There is striate, striate-perforate, or irregular-perforate on sexine ornamentation. The length of equatorial axis ranges from 30.52 to 34.71. The length of polar axis ranges from 60.45 to 68.14. The highest values of length of equatorial axis and polar axis are both from 3200 m. The lowest values of length of equatorial axis and polar axis are both from 2900 m. Thus, pollen grains from higher levels of altitude are larger than those from lower levels of altitude. Especially, there is an individual with diameter at breast height (DBH) 2.2 m and from altitude 3200 m, which is different from the others. Its pollen grains are shown to be bigger and sharper but with an irregular morphous. We defined this pattern as irregular-perforate to separate it from others. A sample with DBH 0.7 m from altitude 3150 m also presents interesting differentiation, that is, it has no pollen grains that can be observed.
Using the data achieved by morphological measurements taken from pollen grains from five altitudes, cluster analyses were conducted (Fig. 6) . The results of cluster analysis concluded that the samples from the same altitude were not clustered in one group but scattered in different groups.
RAPD polymorphism. After screening 50 primers, 12 primers were polymorphic and generated clear and repeatable bands among all individuals. The data on the TNB, the NPB, and the PPB are given in Table 2 . Twelve primers generated 107 bands ranging from 200 bp to 2000 bp. The number of bands for each primer range from four (Primer 30) to 11 (Primer 14 and Primer 47) with an average of 8.92 bands per primer. The RAPD profile amplified by the primer S14 is shown in Figure 7 .
The mean GD among all genotypes is found to be 0.77. Maximum pairwise GD (0.91) was found between 7 and 8. The minimum pairwise GD (0.22) was found when 4 was compared with 5 (data not shown).
Cluster analysis. The dendrogram based on GD was constructed (Fig. 3) . The dendrogram showed that at 0.77, all individuals were clearly clustered into six distinct groups: Group I, Group II, Group III, Group IV, Group V, and Group VI. Among them, Group I, Group II, Group III, and Group IV included one individual (Fig. 8) . The individuals within the same group had the same altitude and different geographical distributions. For instance, 12, 13, and 14 in Group V were found to have the same altitude (3200 m). In contrast, three individuals (1, 2, and 3) belonging to the same altitude were separated into different groups. 
Discussion
To date, few researches focused on the relationship of the genetic structure of P. mira and its geographical environment. However, it was well known that geographical environment was an important factor affecting GD of the tree species (Liu et al., 2004) According to previous studies, remote geographical location can restrict the gene flow of the tree species and result in the differentiation of tree species. Generally, species at high altitudes in the species' range often show relatively high diversity (Lakhanpaul et al., 2000; Sagnard et al., 2002) . Thus, accessions collected from different altitudes should have different genetic backgrounds. In contrast, some studies showed that no clear correlation could be made between altitude and GD; moreover, the species GD correlates with habit and region where there is excessive human activity (Dong, 1991) . On the other hand, this is likely because some trees rely on wind pollination or insect pollinators.
This study uses pollen characteristics to determine relationships between pollen morphology and altitude. Some reports revealed that pollens of P. mira showed a relatively low level of evolutionary extent as a result of simple ornamentation because it is widely accepted that the order of the evolution of sexine ornamentation in the angiosperms pollen is from smooth to perforate (Guo et al., 2006; Socorro and Lorenzo, 2005) . However, evolutionary extents of P. mira from different altitudes did not follow this pattern. Some pollen grains have perforated ornamentation; thus, they presented a higher evolutionary extent, whereas others with a blur sculpture and without perforate exhibited a lower evolutionary level. At the same time, most pollen grains from high altitudes are sharp with perforates. Especially, the individual sample from 3200 m and with DBH 2.2 m has typically irregular stripes, which separate it from others and may stand for a higher evolutionary level.
Thus, these characteristics suggest that pollen morphology of P. mira from different altitudes has high variation. In this study, it is illustrated that pollen grains of P. mira were different along varying altitudes and even within the same altitude. Previous researches also indicated that variation of pollen grains of a species depends on various genetic and environmental differences such as geographical conditions, climatic conditions, and altitudinal differentiation (Argant et al., 2006; Röpke et al., 2011; Rull, 2006; Rull et al., 2005 Rull et al., , 2008 . At the same time, many buds or flowers had no pollen grains; therefore, these individual may be male-sterile. This phenomenon needs further study. Although pollen of Prunus mira presents a high GD, pollen grains from lower altitudes are not as diverse as those from higher altitudes. Within 2900 m, pollen grains are relatively similar to each other, including pollen size, sexine ornamentation, and other patterns. Perhaps to adapt to different environments, most samples on low altitude are seemingly original. In contrast, the evolutionary levels on higher altitudes are more developed. Additionally, we also found that the samples from same altitude were not clustered into one group, which may be a reason that these samples had different diameters and at a certain height had different ages.
In addition, to further detect the level of genetic variability of P. mira, RAPD was also used to analyze the genetic relationship of P. mira from different altitudes. Based on RAPD, the analysis failed to show the same clustering of accessions sharing the same altitude. There were three possible explanations for this result. First, a stronger factor other than altitude determines GD. Second, the history of Prunus mira is long, which induces its high genetic variance. Third, this study involved a limited number of samples and did not cover the whole of the species' altitudinal range. Therefore, we need to examine more individuals to describe the total GD. Although we only sampled 15 genotypes in the study, the GD was low. Thus, these results demonstrated that the Prunus mira has a high genetic diversity, which was in agreement with the findings of Dong (1991) .
Essentially, the level of genetic variability of plants is strongly related to many factors including plant life form, natural or artificial selection, and geographic site (Cuauhtemoc et al., 2006; Lakhanpaul et al., 2000) . P. mira grows in marginal mountains or marginal streams, where environmental conditions are complicated. Accordingly, P. mira develops many variation types to adapt to different environments. Therefore, these biological characteristics may contribute to maintain a high level of genetic variability of P. mira by observation of pollen and detection of RAPD.
In summary, considering the small sample size, this study was preliminary. Nonetheless, pollen grains of P. mira indicate exciting variation, which provides valuable information for further study of the relationship between pollen morphology of P. mira and altitude; moreover, it provides reliable information for the taxonomy of other peach species. . Fingerprint patterns generated using primer S14 from the genomic DNA of the 14 genotypes of P. mira. Fig. 8 . Unweighted pair group method with arithmetic mean clustering based on genetic distance from random amplified polymorphic DNA data of 14 P. mira in this study. Fig. 6 . The dendrogram according to the parameters from pollen morphous using SPSS 16.0 (SPSS Inc., Chicago, IL).
